Objectives. Adherence to a treat to target (TTT) strategy is a recommended paradigm for RA; however, research shows there are many barriers to implementation. We conducted a trial to improve TTT implementation, and herein examine barriers to treatment adjustment within TTT among patient visits not in agreement with the TTT paradigm.
Introduction
Treat to target (TTT) is an accepted and recommended treatment strategy for patients with RA [1] . Adherence to the TTT paradigm requires: setting a disease target; regular monitoring of disease activity using a validated disease activity measure; shared decision-making, when applicable; and appropriate adjustment of therapy based on a predetermined target and disease activity score. TTT consistently demonstrates better outcomes when compared with routine care [25] . Patients within TTT cohorts tend to have higher percentages of low disease activity or remission, reach remission more rapidly and stay in remission for >1 year compared with RA patients receiving usual care [2] . In line with the evidence, TTT principles have been recommended by major professional societies in rheumatology [1, 6] .
Although TTT has many proven benefits, studies find that TTT is not routinely practiced in the USA [7, 8] . Possible explanations for this include clinical inertia, work flow difficulties and patient-specific situations in which providers purposely elect not to use TTT. We conducted a quality improvement trial to test whether a Learning Collaborative (LC) would improve TTT implementation [9] . The trial demonstrated that the intervention improved implementation of TTT [9] . However, varying levels of adherence to the TTT paradigm were observed in the intervention group. Within the context of this trial, we explored the barriers to TTT adherence in the intervention arm.
Methods

Study design and population
The TRACTION trial (Treat-to-target in RA: Collaboration To Improve adOption and adhereNce; NCT02260778) was a randomized controlled clinical study with 11 US rheumatology sites, randomized into one of two study arms (see supplementary Table S1 , available at Rheumatology online). The intervention sites received the LC during the first nine months of the trial, while control sites were waitlisted and received nothing during this period. The LC was guided by expert faculty and was aimed at teaching sites the TTT principles detailed in prior publications [9] . The LC utilized a face-to-face meeting at the beginning of each phase, monthly webinars and site-specific progress calls with TTT faculty. Each webinar was designed to focus on a specific TTT component or implementation barrier. For example, one monthly webinar focused on how to choose an appropriate disease activity measure while the next month focused on educating providers regarding shared decision-making. In addition, sites used a web-based collaborative tool where recorded learning sessions were made available and participants could post questions, share resources and display improvement metrics [9] . In the current analyses, we examined barriers to treatment adjustment as reported by providers in the intervention arm who received the LC during the first nine months.
This secondary analysis of the TRACTION trial studied the barriers to treatment adjustment that providers encountered within the TTT paradigm. We examined the providers and their visits in the intervention arm during the first nine months because they were the first to receive the necessary training regarding TTT principles. Providers within the wait-list control sites, who did not receive any intervention during this period, had no formal training in TTT practices, and therefore, they were not attempting to practice TTT and were not included in the current analyses.
At the end of the nine months, trained study staff performed a medical record review at both intervention and control sites. At least 30 patients with RA who had been seen during the study window were randomly chosen for each provider. The provider must have attended at least one learning session. The patients selected were chosen by a non-provider staff member to avoid selection bias. Rheumatology visit notes from September 2014 to December 2015 were reviewed. Staff evaluated each visit note for the following four items, which directly stem from the TTT paradigm: selection of a disease activity target; recording of RA disease activity measure using a validated measurement tool; documented evidence of shared decision-making, when necessary; and treatment adjustment based on the target and disease activity measure. When the fourth item was not met, providers were encouraged to describe the reason why, allowing for more than one reason. If documented, these reasons, or barriers to treatment adjustment, as well as the type of treatment deviation were recorded by study staff. Patient data such as age, disease characteristics, medications, comorbid conditions, family history, allergies and BMI were also collected.
The study was approved by Partners Healthcare Human Subjects Panel. They deemed that no consent was necessary.
Barriers to treatment adjustment Adherence to TTT was assessed using the four items described above. Reasons for non-adherence, or barriers to treatment adjustment, were noted only when TTT prerequisites were met. Thus, providers needed to demonstrate appropriate use of disease activity scores, treatment targets and shared decision making, if warranted. If these components were present but treatment was not adjusted when indicated (i.e. disease activity measure not at target), the barriers to treatment adjustment were documented. Control sites rarely documented treatment targets or disease activity scores and thus did not meet requirements for adherence or non-adherence with TTT. Thus, the reasons for non-adherence described in this paper are derived solely from intervention sites.
Study staff determined the types of treatment deviations from the TTT strategy, including not adjusting medication when indicated or tapering/discontinuing medication instead of continuing. For example, if a patient's disease activity score indicated high disease activity and the target disease activity was remission, the physician would be expected to adjust therapy in accord with the TTT algorithm. Several potential barriers to treatment adjustment were described a priori based on previous work [5] . Provider documentation of the specific barriers was transcribed from visit notes verbatim. This documentation was qualitatively analysed and categorized by study staff. Barriers to treatment adjustment were categorized as follows: patient preference (e.g. financial barriers, insurance issues, fear of certain medications and/or reluctance to change); intolerance to a specific drug; elevated disease activity score not reflective of RA disease activity (i.e. pain due to comorbid condition or no objective joint swelling on clinical exam despite significant pain and/or tenderness); contraindications to therapy (e.g. infection, pregnancy, renal disease, chemotherapy); medication lag time (delayed treatment response); or unknown.
The analysis of these barriers was descriptive and examined frequencies across the sample of non-adherent visits. Patient characteristics were analysed for comparability with the total trial sample. All analyses used SAS (SAS Institute, Cary NC, version 9.4).
Results
Medical records were examined from the five geographically diverse intervention sites, all of which had teaching affiliations (see supplementary Table S1 , available at Rheumatology online). Within these sites, a total of 23 providers' notes were reviewed by trained research assistants. The providers ranged from senior physicians to fellows and included mid-level providers such as physician assistants and nurse practitioners. Study staff examined 2241 visits from 641 patients from both intervention and control sites. Of the 1270 visits from intervention sites, 136 visits adhered fully to the TTT paradigm, 1051 did not include a documented disease activity measure score and/or disease target as required in the TTT paradigm and 94 visits did not adhere to TTT (see supplementary Fig. S1 , available at Rheumatology online). Eleven of the 94 visits were from control sites, so the remaining 83 visits form the basis for the current analyses. Of these 83 visits, two types of deviations from TTT were noted: not intensifying instead of intensifying (n = 81) and taper/discontinuing instead of continuing (n = 2).
A total of 90 barriers to treatment adjustment were noted within the 83 visits described above. The most common documented barriers to TTT adherence were patient preference in 30 (37.1%) visits and elevated disease activity score not reflective of RA disease activity in 32 (38.6%) visits (see Fig. 1 ). The barrier to treatment adjustment was not recorded in 12 (4.8%) visits. All of these visits were with patients who were not at disease activity target based on either Clinical Disease Activity Index (CDAI) or Routine Assessment of Patient Index Data 3 (RAPID3) criteria. Of the 32 visits where TTT was not adhered to because of elevated disease activity unrelated to RA, only 1 visit used the CDAI and all others the RAPID3.
We compared patient characteristics from visits when treatment was adjusted with visits without adjustment (see Table 1 ). Patients in both groups were similar across all measured characteristics. They had a similar number of comorbidities, similar age, a similar proportion were female, a similar proportion were seropositive, duration of RA was widely distributed but similar and the use of DMARDs was varied but similar across the two groups. It is possible that individual comorbidities may have affected providers' ability to follow the TTT algorithm. However, we did not have detailed information regarding specific comorbidities. The RA disease activity distribution differed significantly between the two groups; a higher proportion of patients without any non-adherent visits were in remission, but a slightly higher proportion were in high disease activity.
Discussion
In the context of a larger trial to improve TTT implementation, we report barriers to treatment adjustment as indicated by TTT principles. The TTT paradigm is a recommended treatment strategy for patients with RA, but providers face many challenges with implementation and adherence [4, 8] . As others have found in both the typical clinical and trial settings, we identified multiple barriers to adherence to a TTT strategy [2, 3, 5, 8, 10] .
A major barrier to treatment adjustment was patient preference. Patients play a central role within the TTT paradigm, as one of the core principles is shared decision-making. Past work has examined discrepancies between patient and provider approaches to treatment
https://academic.oup.com/rheumatology change, as well as discordance between patient satisfaction and RA-related outcomes [1113] . Patient preference issues include concerns regarding side effects, cost and fear of losing control over their disease [11] . Beyond personal fears, patients may feel satisfied with their current state of disease, regardless of measured disease activity [11] . Patient resistance to treatment change can be difficult for providers to manage. Methods to overcome patient preference barriers should focus on integrating patients in the treatment process. We observed that only in about 9% of visits with shared decision-making did the provider mention the consequences of ongoing inflammation if treatment was not changed. Other work investigating the patient's perspective has highlighted the importance of physicians as essential sources of information, particularity in early treatment, which could bolster the long-term patientprovider relationship, decisionmaking process and ultimately TTT adherence [14] .
Due to our method of chart review, sufficient data were not available on the specific reasons why patients refused to change treatment (i.e. fears or cost), which may play a role in distinguishing between patients who adhere and do not adhere to a TTT paradigm [15] . Without these data, it is difficult to comment on specific strategies for how to address individual barriers.
One could also question whether patient preference should be considered a true barrier to treatment adjustment. If disease management is aligned with a wellinformed patient's preference, as encouraged through the use of shared decision-making, one might consider that TTT is being fully practiced regardless of whether disease activity is at target.
The second most common barrier resulting in provider deviation from the TTT strategy was elevated disease activity scores unrelated to RA, demonstrating that provider disagreement with disease activity measures also plays an important role in not following the prompt of a score value to change therapy. This may be dependent on the type of disease activity score used. In this study, providers were not required to choose a specific measure, but we found that most used a RAPID3 and not a CDAI. The RAPID3 is fully based on patient-reported outcomes. The lack of a formal joint count may contribute to discordance between the RAPID3 score and the need to escalate treatment. Although the RAPID3 and CDAI have been shown to be statistically correlated, they are fundamentally different scales and thus it is not surprising that discrepancies result.
Conclusion
Adherence to TTT is complex and barriers to treatment adjustment can be difficult to overcome. Patient preference and elevated disease activity score unrelated to active RA were observed in 37 and 39% of visits, respectively. Future work should flesh out specific patientcentred concerns regarding treatment change, so that appropriate education regarding the TTT can be provided. Providers may find adherence to TTT more difficult with certain patients in specific clinical settings. However, our findings from the original trial suggest that TTT adherence Values are n (%) unless otherwise stated.
a Disease activity considered at each visit for patients included. Among the 76 patients who had TTT non-adherence, there were 83 visits. Among the 109 patients who had TTT adherence, there were 136 visits. The median number of comorbidities is followed in parentheses by the interquartile range (IQR). P-values were estimated from Student's t-test or Chi-square test.
can be improved [9] . Providers must also carefully contemplate which disease activity measure is most appropriate for their clinical setting, as the individual components of each measure can affect whether patients meet target or not.
